The aim of this study was to compare the pharmacokinetics (PK) of DRL_BZ with that of EU-approved (reference medicinal product; RMP) and US-licensed (reference product; RP) bevacizumab (Avastin ® ) in healthy male subjects.
Introduction
Bevacizumab (Avastin ® ; Roche Pharma AG, GrenzachWyhlen, Germany; Genentech Inc., South San Francisco, CA, US) is a recombinant humanized immunoglobulin G1 (IgG1) monoclonal antibody [1] . It was first approved in the United States (US) and European Union (EU) in 2004 and 2005, respectively, for use in combination with standard chemotherapy for metastatic colon cancer. Since then, it has been approved for use in various other solid tumours as single or combination therapy -metastatic breast cancer; nonsquamous non-small cell lung cancer; advanced and/or metastatic renal cell cancer; epithelial ovarian; fallopian tube; primary peritoneal cancer; persistent, recurrent or metastatic cervical cancer; and glioblastoma. The recommendations for use [1, 2] vary across countries/regions; for example, metastatic breast cancer is an approved indication in the EU but not in the US, whereas glioblastoma is an approved indication in the US but not in the EU [1, 2] . Bevacizumab acts by binding to and blocking the activity of vascular endothelial growth factor (VEGF), thereby impeding angiogenesis and inhibiting tumour growth [1] . VEGF expression is upregulated and VEGF receptors are highly expressed in many tumours in humans [3, 4] . VEGF plays major roles in a variety of physiological and pathological processes, particularly as a key regulator of angiogenesis [5, 6] , leading to the growth of a tumour to a clinically detectable size [3] . VEGF levels have been shown to correlate with clinical prognosis [7] [8] [9] [10] . Hence, bevacizumab is an important component for oncologists across the globe in the treatment armamentarium of malignant tumours. However, access to bevacizumab is limited by cost in some regions, creating treatment access barriers. The development and introduction of a biosimilar provides an opportunity to increase patient access to biologic therapies and has the potential to generate savings and efficiencies for the healthcare system [11] . To this end, Dr. Reddy's Laboratories Ltd., Hyderabad, India, is developing a potential biosimilar of Avastin ® (bevacizumab concentrate for solution for infusion [DRL_BZ] ). Extensive physicochemical and analytical comparability and preclinical evaluation have already shown DRL_BZ to be comparable to innovator bevacizumab (Avastin ® ) -US and EU (data on file, Dr. Reddy's Lab. Ltd., Telangana, India). In this first-in-human study, the pharmacokinetics (PK), safety, and immunogenicity of a single intravenous 1 mg kg À1 dose of DRL_BZ was compared with that of the reference medicinal product (RMP, EU-approved Avastin ® ) and the reference product (RP, US-licensed Avastin ® ) in healthy male subjects.
Regulatory agencies require extensive stepwise comparative evaluations of the proposed biosimilars with their reference products. These evaluations start by a comprehensive physicochemical, analytical comparability and pre-clinical comparability evaluation [12, 13] . Comparative PK studies designed to demonstrate a similar PK profile of the biosimilar and the reference product are considered an essential part of the development programme, and the evaluation should include pharmacodynamic (PD) similarity assessments if applicable [14, 15] . After PK similarity has been proven, and unless there are surrogate markers for efficacy, the European Medicines Agency (EMA) guidance states that it is necessary to demonstrate comparable clinical efficacy of the biosimilar and the reference product in adequately powered, randomized, parallel-group comparative clinical trials, preferably double-blind, in a representative patient population of the approved product indications that is sensitive for detecting potential differences between the biosimilar and the reference product [14] . The EMA guidance requests the collection of safety data prior to authorization, depending on the type and severity of safety issues known for the reference product. Care should be taken to compare the type, severity and frequency of the adverse reactions between the biosimilar and the reference product, particularly those described in the Summary of Product Characteristics of the reference product [14] . The US Food and Drug Administration (FDA) guidance adds that specific safety or effectiveness concerns regarding the reference product and its class (including history of manufacturing-or source-related adverse events [AEs]) may warrant more comparative clinical data [13] .
Both EMA and FDA request the collection of immunogenicity data, depending on the experience gained with the reference product and the product class [12] , the extent of analytical similarity between the proposed product and the reference product, and the incidence and clinical consequences of immune responses for the reference product [13] . The FDA recommends a comparative parallel design (i.e., a head-to-head study) in treatment-naïve patients to assess potential differences in the risk of immunogenicity [13] . The EMA requires that anti-drug antibody (ADA) responses are assessed in a comparative manner with those of the reference product. The duration of follow-up should be justified based on the time course and characteristics of unwanted immune responses described for the reference product; for chronic dosing, at least 1 year is recommended [13, 14] .
This study was designed primarily to provide the required PK similarity evaluation within the development programme of DRL_BZ. Several other single-dose comparative PK studies in normal healthy subjects with various other candidate biosimilars have also been published, demonstrating the PK similarity of these products with the reference products with no remarkable safety findings [16] [17] [18] [19] , except for a duodenal ulcer perforation 47 days after dosing in a subject with no apparent contributing factors other than a positive test for Helicobacter pylori in one of the studies [19] .
A summary of the basis for the approval of a bevacizumab biosimilar (ABP215) in the US has been recently published [20] . This published summary remarked that this bevacizumab biosimilar was approved on the basis of an extensive comparative analytical characterization, data obtained in a pharmacokinetic similarity study in healthy subjects, and a comparative clinical study in patients with non-small cell lung cancer.
Methods

Study design
This randomized, double-blind, single-dose, three-arm, parallel-group, Phase 1 study was conducted at two clinical centres in New Zealand between November 2015 and June 2016. The study included an up to 21-day screening period during which, after appropriate informed consent was obtained, all subjects were screened to ensure compliance with inclusion/exclusion criteria. Screening included collection of medical history; physical examination, including vital signs, 12-lead electrocardiography, and clinical laboratory examinations, including thyroid function tests using standard techniques. If needed, washout of forbidden medications was completed before study drug administration, followed by a 15-day in-house stay at the clinical centre, and an 8-visit/84-day follow-up period, with up to 12 months followup for ADA-positive subjects ( Figure S1 ). Residential stay was required from the evening of the day before study drug administration (Day À1) until Day 15 to ensure subject safety and adherence to the protocol as well as to facilitate the study evaluations. Subjects were discharged on Day 15 (14 days after dosing), after completion of all examinations up to this time point. Block randomization was employed to ensure that the three treatment arms were balanced.
The study was reviewed and approved ( , and thyroid function tests) within the normal or clinically acceptable range. Subjects had to be willing to use appropriate contraceptive measures for 7 months after administration of the study drug. Only male subjects were included, as is usual for bevacizumab biosimilar studies in healthy subjects [16] [17] [18] [19] . This is due to the known potential risk of long-lasting ovarian failure and impaired fertility, as well as the risks related to bevacizumab exposure during pregnancy, when bevacizumab is administered to females [1] . Key exclusion criteria were prior exposure to bevacizumab or to any VEGF-targeted treatment at any time, prior exposure to an investigational monoclonal antibody within 1 year before enrolment, live-virus vaccination within 3 months prior to screening or intention to receive it within 3 months after administration of study drug, history of immunodeficiency or autoimmune disorders, ongoing or frequent/recurring clinically significant infection (defined as more than three events per year requiring treatment), hypertension, history or presence of kidney disease, clinically relevant non-healed wounds or fractures, serum alanine aminotransferase and/or aspartate aminotransferase >1.5 times the upper limit of normal at screening or admission to the study centre, and history or evidence of any clinically significant disease. Subjects were required to abstain from alcoholic beverages from 2 days prior to study drug administration until Day 15 post-dose.
Randomization and treatments
Subjects were randomized in a 1:1:1 ratio to receive a single dose of 1 mg kg À1 of DRL_BZ, RMP or RP. Master randomization was generated by using block randomization to ensure that assignment to each of the treatment groups was balanced. Study drug was administered as a single intravenous administration over 90 min using an electronic infusion pump with a maximum 3-min interruption during infusion allowed. Sentinel dosing was used for the first three cohorts (3, 6 and 9 subjects were dosed in total, across the three groups in a sequential manner) as an additional safety precaution ( Figure S1 ). Study subjects were sampled for PK over a period of 85 days from study drug administration. This sampling period was considered sufficient, based on a published population PK model for bevacizumab [21] , which found that a twocompartment model with an initial component mean halflife of 1.4 days and a second component half-life of 19.9 days appropriately fit the profiles [21] . Hence, the duration of the PK sampling schedule in our study covers more than four times the slowest component or terminal half-life (t 1/2 ), and the parallel safety evaluations up to the same time ensure that subjects were followed for a sufficient time, so that little or no drug was remaining in their bodies. The later sample for ADA in most subjects was obtained at the same time to ensure a sufficient washout for proper sensitivity of the assay, while positive subjects were required to be followed up with further samples at quarterly intervals until two negative samples had been obtained or for 1 year, whichever was earlier.
Study endpoints
The primary endpoints were maximum observed serum concentration over the entire blood-sampling interval (C max ), area under the concentration-time curve from time zero (pre-dose) extrapolated to infinity (AUC (0-∞) ), and area under the concentration-time curve from time zero (pre-dose) to last quantifiable (above lower limit of quantitation [LLOQ]) concentration (AUC (0-t) ). Secondary endpoints included time to maximum concentration (t max ), volume of distribution at steady state (V ss ), t 1/2 , and systemic clearance (CL). Safety and immunogenicity parameters were assessed as secondary endpoints -safety was assessed in terms of AEs as well as laboratory investigations, and immunogenicity was assessed using incidence of ADAs, ADA titres and incidence of neutralizing antibodies (NAbs).
Pharmacokinetic assessments
PK sampling time points were pre-dose (i.e., prior to infusion); mid infusion (i.e., 45 min after start of infusion); at end of infusion; and then 1 h, 2 h, 5 h, 8 h, 12 h, 24 h, 48 h, 96 h, 168 h, 336 h, 22 days, 29 days, 43 days, 57 days, 71 days and 85 days after end of infusion.
A validated bioanalytical method using an enzyme-linked immunosorbent assay (ELISA) was used for the quantitation of bevacizumab in serum. Briefly, the tested sample (standard, quality control [QC], or study sample) was added to plates coated with human anti-bevacizumab antibody. Antibevacizumab antibody conjugated with horseradish peroxidase was then added to detect the bound bevacizumab using a colorimetric read-out. The colorimetric intensity was determined at wavelengths of 450 nm for detection of bound antibody and of 540 nm for non-specific absorbance to minimize variability. The LLOQ was established at 156 ng ml À1 , with a quantification range extending from the LLOQ to 2500 ng ml À1 . The mean expected C max values of bevacizumab were about 24 600 ng ml À1 (one-fifth of the value after administration of 5 mg kg À1 reported in patients by Wu et al. [22] ) on the basis of the known linearity of bevacizumab PK in the 1-5 mg kg À1 dose range. Hence, the assay LLOQ was expected to adequately cover the study conduct following the requirement for bioanalytical methods intended to be used in bioequivalence studies (and through cross-referencing biosimilarity studies) of the EMA guideline on Bioanalytical Method Validation [23] of an LLOQ not higher than 5% of the C max . These expectations have been validated a posteriori by the study results (minimum observed C max value of 13 100 ng ml À1 ), 5% of this value being 655 ng ml À1 as compared to the 156 ng ml À1 LLOQ. Interassay precision and accuracy were established from QCs at five levels (LLOQ, low, medium, high and upper limit of quantitation) in six different validation runs for DRL_BZ, RMP and RP each. Supplementary Table S1 summarizes the results. The performance of the bioanalytical method during this study is presented in Supplementary Table S2 . Inter-assay precision and accuracy confirmed that the performance observed was within acceptable limits. Incurred sample reanalysis demonstrated reproducible quantitation of the drug in study samples. For PK parameter calculations, pre-dose samples that were below the lower limit of quantitation (BLQ) or missing were assigned a numerical value of zero. If any pre-dose concentration was greater than 5% of that subject's C max , the PK parameters for the given subject were calculated and reported but excluded from statistical summaries and analyses.
For PK parameter calculations, the BLQ concentration values were considered as zero if observed preceding any quantifiable time point, as BLQ/2 if observed between quantifiable values, and as missing if observed after the last quantifiable time point.
PK parameters were calculated by non-compartmental methods using actual elapsed time from start of study drug administration with Phoenix ® WinNonlin ® 6.4 (Certara, Princeton, NJ, US). For the calculation of AUC (0-t) , the linear-up/log-down trapezoidal rule was used.
Safety assessments
The safety and tolerability of all treatments were assessed by means of vital signs, AEs, physical examination, ECG and clinical laboratory safety data. AEs were assessed for severity and relationship to the study drug and graded by the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03.
Immunogenicity assessment
Blood samples for immunogenicity analyses were obtained within 1 h before the start of study drug infusion and postdose on Days 15, 29, 57 and 85 (end-of-study visit). The incidence of ADAs was measured. A two-step testing strategy was used. First, all samples were tested using a screening assay. The samples that tested putative positive at the screening assay were further tested with a confirmatory assay and only considered positive if confirmed by the confirmatory assay. Confirmed ADA-positive samples were further tested for ADA titre and the presence of NAbs. All subjects who were confirmed positive for anti-bevacizumab antibodies were required to visit the study centre at 6 months (ADA follow-up 1), 9 months (ADA follow-up 2) and 12 months (ADA follow-up 3) after study drug administration to provide a sample to confirm their ADA status, or until two consecutive samples were negative for anti-bevacizumab antibodies, whichever came first.
The detection and assay of anti-bevacizumab antibodies in human serum were performed using ELISA based on the affinity capture elution (ACE) principle. Following the ACE principle, the immune complexes were acid dissociated to release the ADAs bound to them, which were then captured by plates pre-coated with DRL_BZ. The bound ADAs were further eluted using low pH buffers and transferred and coated onto the fresh plate and detected using digoxigenylated DRL_BZ, followed by anti-digoxigenin POD (conjugate) and its substrate 3,3 0 ,5,5 0 -tetramethylbenzidine for detection. The data were acquired using a SpectraMax Plus 384 Microplate Reader (Molecular Devices, LLC, Sunnyvale, CA, US). Data capture and analysis were performed with SoftMax Pro Software, version 5.2 (Molecular Devices, LLC, Sunnyvale, CA, US).
Assay sensitivity was 3.48 ng ml À1 (without drug) with a drug tolerance of 80.0 μg ml À1 at the positive control low (PCL) of 62.5 ng ml À1 . The overall inter-run assay precision for the QC samples was 20.1%. An assay to detect the neutralizing capacity of ADA was also performed. The NAb assay was established as a qualitative ligandbinding assay with ACE procedures incorporated to extract the anti-bevacizumab antibodies in controls and samples, followed by an ELISA to detect the NAbs. Briefly, the controls and samples were first treated with acid (dissociation step) and then neutralized with basic buffer followed by mixing with bevacizumab-coupled Dyna beads (bevacizumab beads) and incubated. The ADAs bound to bevacizumab beads were eluted with acid and incubated with DRL_BZ conjugated with digoxigenin (DIG-bevacizumab), then added to an ELISA plate pre-coated with VEGF and incubated. With antibevacizumab NAbs in samples and positive controls, the DIG-DRL_BZ binds to the ADAs, which in turn is sequestered away from binding to the VEGF coated on the plate with reduced response and vice versa. The activity of antibevacizumab NAbs in samples and controls is inversely proportional to the responses.
Statistical analyses
Information on the variability of PK parameters of bevacizumab in healthy subjects was not available at the time this study was designed. Published values for bevacizumab PK-parameter variability were patient-based estimates. In addition, a published population PK meta-analysis of bevacizumab in patients with solid tumours reported that patients with low serum albumin and/or high serum alkaline phosphatase had higher clearance than the other patients [21] , suggesting that bevacizumab clearance is dependent on the severity of the disease, a variability factor absent in normal healthy subjects.
Due to the above-mentioned lack of information, a blinded sample size re-estimation (BSSR) was performed after the study had enrolled approximately 150 subjects to ensure 120 evaluable subjects, a number considered to ensure a sufficiently accurate estimate of the intersubject variability expressed as geometric coefficient of variation (CV) of the primary PK endpoints.
The estimate of the number of subjects included in the study (n = 150), until the BSSR was performed, was based on the recommendations provided in the publication by Teare et al. [24] who, using a simulation approach, showed that there is little gain in the precision of the variability (pooled standard deviation) estimates for a normally distributed outcome by increasing the study size beyond 35 measured subjects per arm. Given that PK parameters usually follow a log-normal distribution [25] (converting in a normal distribution after the logarithmic transformation used for analysis), this calculation would be expected to apply for a PK study. The 50 subjects per treatment arm sample size of the part of the study prior to BSSR thus aimed to ensure that at least 35 measurable subjects per study arm were available.
In the BSSR procedure, defined a priori in the study protocol and statistical analysis plan, the pooled geometric CV% for each primary PK parameter was first calculated. The sample size was then re-estimated by using the maximum CV% of the primary PK parameters in a blinded manner. The BSSR aimed to provide at least 90% power for each of the pairwise comparisons and, as a result, approximately 80% overall power (three pairwise comparisons showing equivalence) for each of the primary PK parameters under the assumption of a DRL_BZ/Avastin ® ratio equal to 0.95.
If the BSSR results showed that the study had achieved the target statistical power for all primary PK parameters, recruitment had to be stopped. If the study had not yet achieved the target statistical power, the required number of additional subjects (up to a maximum of 300 total subjects to ensure a minimum of 240 evaluable subjects) were to be recruited. The PK population included all randomized subjects who received the study-drug infusion, had at least one of the primary PK parameters reliably calculated, and completed the study without major protocol deviations or factors that could significantly affect PK assessment. Exclusions from the PK population were based upon blinded review of the data. Subjects who were confirmed positive for anti-bevacizumab antibodies were not excluded from the PK population. The safety population consisted of all subjects who were dosed and was analysed according to actual treatment received. The immunogenicity population comprised all subjects included in the safety population.
The primary PK parameters C max , AUC (0-∞) , and AUC (0-t) were compared among treatment groups using an analysis of variance model with treatment as a fixed term. PK equivalence was demonstrated if the 90% confidence intervals (CIs) of the geometric mean ratios (GMRs) of C max , AUC (0-∞) , and AUC (0-t) (DRL_BZ vs. RMP, DRL_BZ vs. RP and RMP vs. RP) were between 80% and 125%. PK equivalence was tested for the three pairwise comparisons.
Statistical analysis was performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC, US). Figures were generated using SAS and Sigma Plot 12.5 (Systat Software, Inc., San Jose, CA, US).
Nomenclature of targets and ligands
Key protein targets and ligands in this article are hyperlinked to corresponding entries in http://www. guidetopharmacology.org, the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY [26] , and are permanently archived in the Concise Guide to PHARMA-COLOGY 2017/18 [27] .
Results
Subject disposition
A total of 149 subjects were enrolled, randomized and received study drug (DRL_BZ, 50; RMP, 50; RP, 49). Subject disposition is shown in Figure 1 . One subject, who was later identified as a case of cross-participation, erroneously received two doses of the study drug (RP), one each at the two study centres, and was excluded from the PK analysis but not from the safety and immunogenicity assessments. The BSSR showed that the sample size was sufficient following the specifications detailed under the Statistical Analysis section, and for this reason recruitment was stopped. The final PK analysis, safety and immunogenicity populations comprised 147, 149 and 149 subjects, respectively.
Subject demographic characteristics
Demographic and baseline characteristics of subjects were well balanced among groups ( Table 1 ). The mean (standard deviation) age and BMI of the subjects were 26 (6) years and 23.62 (2.18) kg m À2 , respectively (Table 1) .
Pharmacokinetics
The overall in-study performance of the bioanalytical method was acceptable, as summarized in Supplementary  Table S2 . In addition, 96.8% of the re-analysed samples met the incurred sample re-analysis acceptance criteria. The time vs. serum drug-concentration profile curves for all tested products matched closely over the entire profiling interval (Figure 2 ). Concentrations remained quantifiable in all evaluated subjects until at least Day 57 after dosing. Several subjects (treated with RP and two treated with RMP) were excluded from analysis under blinded conditions due to missing key samples (the sample obtained at the end of infusion in one case, thus precluding any appropriate calculations; multiple samples at scheduled times starting from 48 h to 1344 h due to study withdrawal by the subject in the others, precluding a proper calculation of AUC (0-t) , AUC (0-∞) and t 1/2 ) for an appropriate and comparable calculation of PK parameters and a further subject treated with RP was considered non-evaluable due to duplicate study participation. In all subjects included in the final PK analysis, AUC (0-t) accounted for at least 80% of the total AUC (AUC (0-∞) ). PK parameters were comparable across tested products ( Table 2 (0-∞) . Hence, the 90% CIs for the GMRs of the PK primary endpoints (AUC (0-∞) , AUC (0-t) , and C max ) were within the prespecified acceptance margins (80-125%) for PK equivalence for all three comparisons: DRL_BZ vs. RMP, DRL_BZ vs. RP and RMP vs. RP (Table 3 ).
Safety
No deaths or serious AEs were reported during the study, and no subjects had infusion discontinuation because of AEs. A Figure 1 Subject disposition. DRL_BZ, Dr. Reddy's Laboratories bevacizumab; RMP, reference medicinal product (EU-approved Avastin®); RP, reference product (US-licensed Avastin®); PK, pharmacokinetics similar number of subjects were reported to have a similar number of treatment-emergent AEs (TEAEs) in the three treatment groups: DRL_BZ, 89 TEAEs were reported in 37 subjects (74.0%); RMP, 105 TEAEs were reported in 35 subjects (70.0%); and RP, 89 TEAEs were reported in 38 subjects (77.6%). The number of subjects who received RMP or RP and had TEAEs considered by the investigator as related to the study drug was comparable (11 subjects and resolved by the end of the study. Only one grade 3 severity TEAE (RMP treatment group; abdominal pain on Day 76 that lasted for 8 days) was reported; however, it was deemed unrelated to the study drug.
No clinically significant findings with respect to vital signs, ECG or laboratory parameters were reported in any of the treatment groups.
Immunogenicity
One subject who received DRL_BZ had ADA at the end-ofstudy visit (Day 85) with a titre of 1. The NAb result at the same time point was negative. At the 6-month follow-up, the ADA titre increased to 2 and the antibodies were proven to be neutralizing. At the 9-month follow-up, the titre decreased to non-reportable levels and the antibodies were proven to be non-neutralizing. At the final follow-up at 12 months post-dose, the subject was ADA-negative. For no other subjects were ADAs detected in any sample.
As shown in Table 5 , the PK parameters determined in the subject with positive ADA did not show any extreme values, and as shown in Figure 3 , the bevacizumab timeconcentration profile in this subject did not appear to be different from that of the other study subjects.
Discussion
This first-in-human study primarily aimed to comparatively evaluate the PK profile of DRL_BZ with those of the reference products, EU-approved (Avastin ® ) and US-licensed bevacizumab (Avastin ® ) as requested by the regulatory guidelines (reviewed earlier) in the setting of the development of a biosimilar product [12] [13] [14] [15] 20] . The secondary objectives were to compare the safety and immunogenicity of DRL_BZ with those of the reference products. In this study, PK equivalence was demonstrated for all comparisons (DRL_BZ vs. RMP, DRL_BZ vs. RP and RMP vs. RP), as all 90% CIs for the GMR of AUC (0-∞) , AUC (0-t) , and C max between products were within the predefined 80-125% bioequivalence limits.
The LLOQ of the assay (156 ng ml À1 or 0.156 μg ml À1 ) was lower than 5% of all measured C max values during the study (minimum value 13.1 μg ml À1 [ Table 2 ]), thus fulfilling the Table 1 Demographics and baseline characteristics (safety population) Age (years), mean (SD) 27 (7) 26 (6) 26 (5) 26 (6 requirement for bioanalytical methods used in bioequivalence studies (and through cross-referencing biosimilarity studies) of the EMA guideline on Bioanalytical Method Validation [23] of an LLOQ not higher than 5% of the C max . Establishing PK equivalence is necessary to establish similarity of a proposed biosimilar to the reference product and should be accomplished in a study evaluating a population, route of administration and dose that are adequately sensitive for detection of PK differences [13] . A comparable PK profile (such as demonstration of comparable exposure) helps support the conclusion that there are no clinically meaningful differences between a proposed biosimilar and its reference product [13] .
The use of normal healthy subjects allows a long enough sampling to properly elucidate the terminal phase of the profile, as in this study. Patients on treatment with bevacizumab need to be dosed at 2-to 3-week intervals [1, 2] , which, given the observed half-life values (ranging from 231.4-529.4 h; i.e., >1 week to >3 weeks; Table 2 ), are too short for a proper elucidation, whereas the present study had a 12-week sampling schedule post-administration, which has been shown above to be sufficient for full PK profiling. In addition, patient populations have many potential confounding factors such as underlying disease burden, concomitant illnesses/comorbidities and concomitant medications [15] . It is also known that factors related to disease severity are significant covariates for key bevacizumab PK parameters in patients [21] . All these factors confirm the choice of a healthy population for this comparative PK study.
A parallel-group design (as used in this study) is considered appropriate for products that have a long half-life (values in this study ranging from 231.4-529.4 h; Table 2 ) or for products where repeated exposures can lead to an increased immune response that can affect the PK and/or PD similarity assessments [15] .
The dose used to demonstrate bioequivalence should be in the range where linear PK behaviour is known for the reference drug if the reference drug displays linear PK behaviour in its therapeutically used dose range [28, 29] . PK of bevacizumab is known to be linear in the 1.0-10 mg kg À1 dose range [2] . While higher doses have been used in studies of other bevacizumab biosimilar candidates (including 3.0 mg kg À1 [18, 19] and 5.0 mg kg À1 [17] ), the lowest dose of 1 mg kg À1 in this linear dose range was considered for this study, in the safety interest of the subjects, while still allowing for appropriate PK assessments.
The results of this study show that the 1 mg kg À1 dose was appropriate for PK similarity evaluation. Measured AUC (AUC (0-t) ) accounted for more than 80% of total AUC (AUC (0-∞) ) in all subjects analysed for AUC (exclusions were due to missing samples or double participation). Both measured and total AUC were evaluated in 100% (50/50), 96.0% (48/50) and 91.5% (43/47) of subjects (Table 3) in the DRL_BZ, RMP and RP groups, respectively. Thus, the measured AUC accounted for more than 80% of total AUC in more than 80% of the subjects [29] . Furthermore, the loglinear regression of the concentration decline over time used to calculate the terminal phase rate had a square coefficient of correlation of at least 0.90 (data on file, Dr. Reddy's Lab. Ltd., Telangana, India) in all subjects not excluded in the Blinded Data Review Meeting due to missing samples, supporting that the terminal phases were well elucidated and that the 1 mg kg À1 dose is sufficient to fulfil the objectives of the study. Hence, the PK similarity conclusion from this study has been well established. DRL_BZ, RMP and RP administered as a single 1 mg kg
À1
intravenous dose were comparably well tolerated in the study population. No new or unexpected safety concerns were raised.
One subject was ADA-positive at the end of the study (in the DRL_BZ group). The samples obtained at the 6-month and 9-month follow-up were also positive for ADA, with the sample obtained at the 6-month follow-up showing NAbs. The subject became ADA-negative at the 12-month followup. The PK results in this subject were not noticeably different from those in the other subjects. Because ADAs were observed in a single subject and they did not appear to have induced extreme PK results, they are not expected to have influenced the study results. Thus, the immunogenicity profile was comparable among DRL_BZ, RMP and RP, even if definite conclusions cannot be made due to the low incidence of ADAs given the sample size of the study, optimized for PK parameter comparisons. The low rate of immunogenicity observed in this study is in line with published data and the label/Summary of Product Characteristics [1, 2, 17, 18], even if one of the references describing other studies with candidate bevacizumab biosimilars [19] reported all subjects being ADA-positive by Day 14, and seven and six subjects out of a total of 57 per arm remained positive by Day 78. The authors of that study commented that the high incidence of ADA on Day 14 in their study might be due to assay interference by bevacizumab-induced VEGF homodimers [19] .
In conclusion, PK, safety and immunogenicity of DRL_BZ were comparable to innovator EU-approved and US-licensed Table 2 Pharmacokinetic parameters for all treatments (pharmacokinetic population) Concentration data from bioanalytical laboratory are in units of 'ng ml À1 ' but applicable PK parameters are presented in units of 'h*μg ml À1 ' and 'μg ml À1 ' for ease of interpretation AUC (0-∞) , area under the concentration-time curve from time zero (pre-dose) extrapolated to infinity; AUC (0-t) , area under the concentration-time curve from time zero (pre-dose) to last quantifiable concentration; C max , maximum observed serum concentration over the entire blood-sampling interval; CL, systemic clearance; CV, coefficient of variation; DRL_BZ, Dr. Reddy's Laboratories bevacizumab; Geo, geometric; NC, not calculated; PK, pharmacokinetics; RMP, reference medicinal product (EU-approved Avastin ® ); RP, reference product (US-licensed Avastin ® ); SD, standard deviation; t 1/2 , terminal half-life; t max , time to maximum concentration; V ss , volume of distribution at steady state Note: Only n, minimum, median and maximum are presented for t max Table 4 Summary of all drug-related TEAEs (occurring in any group >0%) by System Organ Class and Preferred Term for each treatment (safety population)
Number ( System Organ Class and Preferred Term were from the MedDRA dictionary, Version 19.0. The numbers of subjects within each column cannot be added because a subject may have had more than one adverse event. A subject experiencing multiple occurrences of an adverse event was counted, at most, once per System Organ Class, Preferred Term and relationship If a subject had more than one identical event that is both related and unrelated, then only the related event in each System Organ Class and Preferred Term was counted Related TEAEs are defined as those assessed as related to study drug, or those for which the relationship is unknown or missing. DRL_BZ, Dr. Reddy's Laboratories bevacizumab; MedDRA, Medical Dictionary for Regulatory Activities; RMP, reference medicinal product (EU-approved Avastin ® ); RP, reference product (US-licensed Avastin ® ); TEAE, treatment-emergent adverse event Table 5 Selected pharmacokinetic-parameters comparison between the subject showing a positive result for ADA with subjects in the full treatment arm (DRL_BZ) 
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